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Fig. 3. The latitude-altitude depiction of the regions where O3 and CO variability was positively and negatively 
correlated. 

lowest 2 km of the atmosphere at all latitudes except when 
strong local pollution sources were encountered which could 
easily be identified by the CO instrument going off scale 
(typically >200 ppbv). This finding likewise is consistent 
with the traditional understanding of the budgets of these 
two gases, since nearly all CO sources are located {n the 
boundary layer whereas ozone is destroyed by contact with 
the ground. 

A third region of 03 and CO anticorrelation is located 
mostly in the southern hemisphere between the equator and 
15øS, where the air from the two hemispheres is being 
exchanged [Seiler and Fishman, 1981]. In addition, the 
climatological position of the downward branch of the Had- 
ley Cell is situated where the anticorrelations are most 
prevalent [Newell et al., 1969]. The profile shown in Figure 2 
most likely illustrates the existence of two distinct air masses 
of different origin, that is, mid-latitude southern hemispheric 
air in the middle troposphere (5-8 km) and tropical air in the 
lower and upper free troposphere. 

The region of the strongest 03 and CO correlations is 
located in the middle troposphere of the northern hemi- 
sphere between 20øN and 45øN. We note in Table 1 that six 
of seven profiles between 30øN and 45øN had values of C > 
0.50. There is also a small region of positive correlation in 
the southern hemisphere. The degree of variability in this 
region is considerably smaller than that found in the northern 
hemisphere, but there are quite a few examples where 5- to 
10-ppbv 'bumps' in the 03 profiles are coincident with 
similar variations at the same altitude for the CO measure- 
ments. An example of a positively correlated set of southern 
hemisphere profiles is shown in Figure 4 during descent into 
Balmaceda, Chile (45øS, 70øW), on August 17, 1974. The 
coincident 03 and CO peaks located near an altitude of 7.7 
km are 7 to 10 ppbv above the values measured at 7 km, 
respectively. On the other hand, the laminae of enhanced 
CO and 03 in the northern hemisphere frequently contain 
elevated concentrations of these species which are 20 to 50 
ppbv higher than adjacent altitudes. Assuming that the 

finding of such phenomena is indicative of regions in which 
in situ production of tropospheric ozone is taking place, 
there are two plausible explanations which account for the 
fact that these bands are less conspicuous in the southern 
hemisphere. First of all, the magnitude of the sources of CO 
and other precursors to in situ ozone production (i.e., NOx 
and nonmethane hydrocarbons) are considerably smaller in 
the southern hemisphere than in the northern hemisphere. 

12- 

11- 

10- 

9- 

8- 

7- 

6- 

5- 

4- 

$- 

2- 

1- 

0 3 and CO profiles over 
Balmaceda, Chile (46øS; 70øW) 

o 3 

I I I I 
0 20 40 60 80 

Concentration, ppbv 

Fig. 4. O3 and CO profiles measured during descent into Balma- 
ceda, Chile, on August 17, 1974. Note the expanded horizontal scale 
and that some of the data were lost between 6.3 and 6.7 km. 
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Figure 7. Relationship between CO and O3 during (a) 2001 and (b) 2003 (O3 measurements during
2002 are not available). Measurements obtained during periods outside of the events listed in Table 1 are
plotted with small black dots. Observations obtained during the events listed in Table 1 are plotted with
larger symbols, and regression lines are shown for those events with slope uncertainty below 50%.
Symbols and lines are coded according to each event’s identified source region and the potential for
biomass burning influence, as follows: solid red circles and red solid lines: USBL with no or minimal
biomass burning influence (2001 events 1–6, 2003 events 10–11; see text); solid blue triangles and blue
dashed lines: biomass burning-influenced periods (not USBL) (2001 events 8–9, 2003 events 12–13);
solid green squares and green dotted lines: other (mixed influence) (2001 events 7 and 10–11, 2003
events 6 and 9); and measurements during the small fractions of 2003 events 4 and 8 for which ozone
measurements were made: open black circles.
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•  Current	
  global	
  models	
  capture	
  observed	
  ozone	
  spa.al	
  and	
  seasonal	
  paXerns,	
  but	
  
there	
  is	
  large	
  uncertainty	
  in	
  the	
  driving	
  factors	
  

•  Correla.on	
  with	
  CO	
  long	
  used	
  as	
  a	
  constraint	
  on	
  ozone	
  sources	
  and	
  transport	
  	
  



Satellite	
  Derived	
  Ozone-­‐CO	
  Correla.ons	
  

July	
  2005	
  TES	
  O3-­‐CO	
  Correla.on	
  (618	
  hPa)	
  

Voulgarakis	
  et	
  al.,	
  2011	
  
Zhang	
  et	
  al.,	
  2006	
  

§  O3-­‐CO	
  correla.ons	
  are	
  preserved	
  in	
  
satellite	
  observa.ons	
  despite	
  
smoothing	
  from	
  averaging	
  kernels	
  

§  The	
  ability	
  to	
  infer	
  O3-­‐CO	
  correla.ons	
  
from	
  TES	
  is	
  limited	
  by	
  data	
  sparsity	
  

clim
ate.nasa.gov	
  

§  O3-­‐CO	
  correla.ons	
  from	
  OMI/AIRS	
  
retrievals	
  avoid	
  the	
  sampling	
  
limita.ons	
  of	
  the	
  TES	
  instrument	
  

OMI	
  
AIRS	
  

NASA	
  A-­‐Train	
  

800	
  –	
  400	
  hPa	
  



O3	
  -­‐	
  CO	
  Correla.ons	
  (DJF,	
  MAM)	
  

OMI/AIRS	
   GEOS-­‐Chem	
  

DJ
F	
  

M
AM

	
  

Insufficient	
  Data	
  for	
  
either	
  OMI	
  or	
  AIRS	
  

700	
  –	
  400	
  hPa	
  



O3	
  -­‐	
  	
  CO	
  Correla.ons	
  (JJA,	
  SON)	
  

OMI/AIRS	
   GEOS-­‐Chem	
  

§  GEOS-­‐Chem	
  captures	
  large-­‐scale	
  structure	
  of	
  observed	
  O3	
  –	
  CO	
  correla.on	
  coefficients,	
  but	
  
several	
  regional	
  discrepancies	
  are	
  apparent	
  

JJ
A	
  

SO
N
	
  

700	
  –	
  400	
  hPa	
  



Tes.ng	
  Sensi.vity	
  to	
  Transport	
  

§  Drive	
  GEOS-­‐Chem	
  with	
  two	
  different	
  
assimilated	
  meteorological	
  fields	
  	
  
	
  (GEOS-­‐4	
  &	
  GEOS-­‐5)	
  for	
  JJA	
  2006	
  

§  Large	
  sensi.vity	
  of	
  simulated	
  O3-­‐CO	
  
correla.on	
  to	
  transport	
  in	
  the	
  tropics	
  

§  We	
  aXribute	
  these	
  differences	
  to	
  the	
  
convec.ve	
  parameteriza.ons	
  used	
  

700	
  –	
  400	
  hPa	
  



Interpre.ng	
  the	
  Chemical	
  Signature	
  

Δ	
  =	
  Chemical	
  signature	
  of	
  
process	
  on	
  the	
  O3-­‐CO	
  slope	
  

Sensi.vity	
  Simula.on	
  O3	
  
w/	
  CO	
  from	
  Standard	
  Simula.on	
  

Standard	
  Simula.on	
  

•  Difference	
  in	
  reduced	
  major	
  axis	
  
(RMA)	
  regression	
  slopes	
  allow	
  
quan.ta.ve	
  calcula.on	
  of	
  slope	
  
sensi.vity	
  to	
  model	
  processes	
  	
  

Correla.on	
  =	
  .26	
  
d[O3]/d[CO]	
  =	
  .51	
  (-­‐0.10,	
  +0.12)	
  	
  	
  

Correla.on	
  =	
  -­‐.04	
  
d[O3]/d[CO]	
  =	
  -­‐0.40	
  (-­‐0.09,	
  +0.46)	
  	
  

No	
  Combus.on	
  Emissions,	
  JJA	
  2008	
  



d[O3]/d[CO]	
  in	
  North	
  American	
  Oumlow	
  (JJA	
  2008)	
  

Combus.on	
  Sources	
  Δ	
  	
   Stratospheric	
  Influence	
  Δ	
  	
  

§  Slope	
  controlled	
  in	
  the	
  oumlow	
  by	
  precursor	
  emissions	
  and	
  stratospheric	
  intrusions	
  

OMI/AIRS	
   GEOS-­‐Chem	
  



d[O3]/d[CO]	
  over	
  the	
  East	
  Pacific	
  (JJA	
  2008)	
  

OMI/AIRS	
   GEOS-­‐Chem	
  

Lightning	
  Δ	
  	
  
§  Lightning	
  NOx	
  emissions	
  dominate	
  

simulated	
  ozone-­‐CO	
  rela.onship	
  in	
  the	
  
region	
  

§  Excellent	
  agreement	
  with	
  OMI/AIRS	
  
over	
  land	
  

§  Large	
  nega.ve	
  overes.mate	
  over	
  the	
  
East	
  Pacific	
  associated	
  with	
  the	
  Pacific	
  
High	
  



Summary	
  &	
  Future	
  Work	
  

§  Near-­‐daily	
  global	
  coverage	
  of	
  OMI/AIRS	
  allows	
  us	
  to	
  calculate	
  robust	
  sta.s.cal	
  
rela.onships	
  between	
  ozone	
  and	
  CO	
  with	
  much	
  less	
  error	
  and	
  finer	
  spa.otemporal	
  
resolu.on	
  than	
  previous	
  satellite	
  studies	
  

§  GEOS-­‐Chem	
  captures	
  large	
  scale	
  spa.al	
  structure	
  of	
  the	
  observed	
  O3	
  –	
  CO	
  correla.on	
  
coefficients,	
  but	
  several	
  regional	
  discrepancies	
  are	
  apparent	
  

§  O3-­‐CO	
  correla.ons	
  simulated	
  by	
  GEOS-­‐Chem	
  using	
  GEOS-­‐4	
  and	
  GEOS-­‐5	
  winds	
  show	
  
strong	
  sensi.vity	
  to	
  convec.on	
  in	
  the	
  tropics	
  

§  GEOS-­‐Chem	
  successfully	
  simulates	
  North	
  American	
  oumlow,	
  with	
  contribu.ons	
  from	
  
precursor	
  emissions	
  and	
  stratospheric	
  intrusions.	
  The	
  two	
  are	
  coupled	
  due	
  to	
  the	
  
structure	
  of	
  mid-­‐la.tude	
  cyclones	
  

§  The	
  representa.on	
  of	
  lightning	
  in	
  the	
  model	
  controls	
  the	
  good	
  agreement	
  with	
  OMI/AIRS	
  
over	
  land	
  but	
  also	
  the	
  significant	
  model	
  nega.ve	
  overes.mate	
  in	
  the	
  East	
  Pacific	
  during	
  
JJA	
  2008	
  

§  Future	
  work	
  will	
  include	
  examining	
  the	
  interannual	
  variability	
  of	
  ozone-­‐CO	
  correla.ons	
  
over	
  SE	
  Asia	
  


